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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Patent Application No. 60/683,608 filed May 23,
2005, the entire disclosure of which is incorporated by
reference herein.

BACKGROUND

[0002] The presentinventions relate to grids for use in
batteries (e.g., lead-acid batteries such as batteries for
vehicle starting, lighting, and ignition applications; marine
batteries; commercial batteries; industrial batteries; bat-
teries for use with hybrid-electric vehicles; etc.). More
specifically, the present inventions relate to grids that
have a configuration which resists shorting of a battery
cell due to growth of the grids.

[0003] Lead-acid batteries conventionally include a
number of cells in which energy is stored. For example,
a 12 volt battery may include six cells, each of which
provides 2 volts. Each of the cells includes one or more
positive electrodes or plates and one or more negative
electrodes or plates. An electrolyte (e.g., acid such as
dilute sulfuric acid) is also provided in the cells to facilitate
chemical reactions which take place in the cells during
charging and discharging of the battery.

[0004] The positive and negative electrodes each
comprise a grid made from lead or a lead alloy (e.g., a
lead-calcium alloy) on which an active material in the
form of a paste is provided. Such grids include a plurality
of wires coupled to a plurality of nodes (e.g., a battery
grid may include a frame comprising four sides with a lug
or current collector extending from one of the sides and
a network of wires or grid elements interconnected with
a plurality of nodes).

[0005] The positive and negative electrodes are ar-
ranged in each of the cells in alternating fashion and are
separated from adjacent plates by a separator (e.g., a
microporous polymeric separator). For example, the neg-
ative electrodes may be contained within a separator en-
velope to electrically isolate them from adjacent positive
electrodes. In this manner, the positive and negative
electrodes are prevented from coming into direct contact
with each other, which would cause a short in the cell.
[0006] Over an extended period of use, the grids will
corrode, which in turn will cause the grids to grow. By
way of illustration, FIGURE 1 shows a cell having a first
electrode 10 (e.g., a positive electrode) with a current
collector 12 arranged adjacent a second electrode (e.g.,
a negative electrode, partially obscured by electrode 10
in FIGURE 1) with a current collector 22. The current
collector 12 of the positive electrode is electrically cou-
pled to other positive electrodes in the cell by a strap or
connector 14, while the current collector 22 of the nega-
tive electrode is electrically coupled to other negative
electrodes in the cell by a strap or connector 24. The
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positive strap in a cell is then connected to a negative
strap in the next cell.

[0007] Growth of positive electrode 10 is illustrated by
dashed lines 30 and 32. When installed in a battery con-
tainer, the grids are generally constrained on their sides
and bottom by walls of the battery container. Accordingly,
growth of the grids generally occurs along the top surface
of the grids. In certain situations, such unconstrained
growth in the positive vertical direction may cause a short
of the cell. For example, as shown in FIGURE 1, the
growth of the positive grid illustrated by dashed line 32
results in a portion of the grid coming into contact with
strap 24 that is connected to the negative electrodes. In
such a situation, the positive and negative electrodes are
electrically coupled together, which may act to short the
cell. Thus, while adjacent positive and negative elec-
trodes may be separated from each other with a poly-
meric separator, shorting may still occur due to corrosion
of the grids which causes growth in the vertical direction.
[0008] While itis known to provide grids for use in bat-
teries, such known grid configurations do not provide cer-
tain advantageous features and/or combinations of fea-
tures.

SUMMARY

[0009] Anembodiment of the presentinvention relates
to a battery grid that includes a frame that includes a top
element, a bottom element, a first side element, and a
second side element. The battery grid also includes a
plurality of wires provided within the frame and defining
a plurality of open areas and a current collection lug ex-
tending from the top element in a first direction. The bat-
tery grid further includes at least one feature provided in
the battery grid that is configured to reduce the amount
of growth of the battery grid in the first direction due to
corrosion of the battery grid during the life of the battery
grid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGURE 1 illustrates the growth of a battery grid
due to corrosion which may result in shorting of a battery
cell.

[0011] FIGURE 2 is a plan view of a battery grid ac-
cording to an exemplary embodiment.

[0012] FIGURE 3is a plan view of a portion of a battery
grid similar to that shown in FIGURE 2 that includes a
modified configuration that is intended to restrain the
overall growth of the grid due to corrosion.

[0013] FIGURE 4 is a plan view of a portion of a battery
grid similar to that shown in FIGURE 2 that includes a
modified configuration that is intended to restrain the
overall growth of the grid due to corrosion.

[0014] FIGURE 5is a plan view of a portion of a battery
grid similar to that shown in FIGURE 2 that includes a
modified configuration that is intended to restrain the
overall growth of the grid due to corrosion.
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[0015] FIGURE 6is a plan view of a portion of a battery
grid similar to that shown in FIGURE 2 that includes a
modified configuration that is intended to restrain the
overall growth of the grid due to corrosion.

[0016] FIGURE 7A s a plan view of a portion of a bat-
tery grid similar to that shown in FIGURE 2 that includes
a modified configuration that is intended to restrain the
overall growth of the grid due to corrosion.

[0017] FIGURE 7B is a plan view of a portion of a bat-
tery grid similar to that shown in FIGURE 2 that includes
a modified configuration that is intended to restrain the
overall growth of the grid due to corrosion.

[0018] FIGURE 8is a plan view of a portion of a battery
grid similar to that shown in FIGURE 2 that includes a
modified configuration that is intended to restrain the
overall growth of the grid due to corrosion.

[0019] FIGURE 9is a plan view of a portion of a battery
grid similar to that shown in FIGURE 2 that includes a
modified configuration that is intended to restrain the
overall growth of the grid due to corrosion.

DETAILED DESCRIPTION

[0020] FIGURE 2 illustrates a battery grid 100 accord-
ing to an exemplary embodiment. Grid 100 may be either
a positive or a negative grid, and may be produced by
any known method (e.g., by casting, by expansion of a
sheet of material after piercing the sheet, by a progres-
sive punching operation, etc.) using any known materials
(e.g., lead or lead alloys, such as lead-calcium alloys,
etc.). Various nonexclusive examples of battery grids that
may be used in accordance with the present disclosure
are shown, for example, in the following U.S. Patents,
the disclosures of which are hereby incorporated by ref-
erence: U.S. Patent No. 5,582,936; U.S. Patent No.
5,989,749; U.S. Patent No. 6,203,948; U.S. Patent No.
6,245,462; and U.S. Patent No. 6,274,274.

[0021] Referring to FIGURE 2, grid 100 comprises a
frame that includes a top frame element 112, first and
second side frame elements 114 and 116, and a bottom
frame element 118. The grid 100 includes a series of grid
wires that define open areas 120 that hold electrochem-
ically active paste (not shown) that provides the current
generation for a battery. A current collector or lug 122 is
integral with the top frame element 112 and is offset from
the center of the top frame element 112. The top frame
element 112 includes an enlarged conductive section
124 directly beneath the lug 122, and has the shape
shown to optimize current conduction to the lug 122.
[0022] A series of radially extending vertical grid wire
elements 126 form part of the grid 100. The vertical wire
elements 126 are connected to the top frame element
112 and at least one of the bottom frame element 118,
the first side frame element 114, and the second side
frame element 116. The vertical wire elements 126 be-
come closer together when moving from the bottom el-
ement 118 towards the top element 112 and get farther
apart when moving towards the left element 114 or the
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right element 116.

[0023] The grid 100 also includes a plurality of hori-
zontal or cross wire elements 130. Individual sections of
the vertical wire elements 126 and the horizontal wire
elements 130 ends which are joined at a plurality of nodes
144 that define the open areas 120 that support the elec-
trochemically active paste for conduction.

[0024] FIGURES 3-9illustrate various modifications to
the grid shown in FIGURE 1 that are intended to retard,
restrict, or restrain growth of the grid 100 when the grid
100 corrodes during its useful life in a battery. The circled
numbers shown in FIGURE 2 reflect the location on the
grid 100 where the various modifications are to be made
(e.g., the modification shown in FIGURE 3 is designated
by the circled number 3 in FIGURE 2).

[0025] As shown in FIGURE 3, a "weak link" may be
provided for one of the horizontal or vertical wire ele-
ments. For example, according to an exemplary embod-
iment, a first portion or segment 220 of a wire 200 may
be joined to a second portion or segment 230 of the wire
200 by a portion or segment 210 that is configured to
break when a threshold amount of stress is applied to
the wire 200. When growth of the grid 100 causes move-
ment of the first portion 210 relative to the second portion
230, the middle portion 210 will break, which may act to
interrupt the growth of the grid at this point. As shown in
FIGURE 3, middle portion 210 is provided to connect
portion 220 to portion 230 such that portion 220 is "stag-
gered" relative to portion 230. According to various ex-
emplary embodiments, any suitable number of weak links
may be provided in the grid to redirect the stresses
caused by growth of the grid due to corrosion, and they
may be provided for both vertical and horizontal wires as
may be desired.

[0026] As shownin FIGURE 4, one or more of the ver-
tical and horizontal wires may be configured to act as a
fuse that is intended to break when a threshold amount
of stress is applied or to corrode away at a given time of
the battery life. According to an exemplary embodiment
shown in FIGURE 4, awire 300 may include afirst portion
or segment 320 and a second portion or segment 330
connected by a relatively thin portion or segment 310
(e.g., portion 310 has a smaller cross-sectional area
and/or a different cross-sectional shape as compared to
the remainder of wire 300). When growth of the grid oc-
curs as a result of corrosion, a tensile stress may be
applied to the wire 310. Because the portion 310 has a
smaller cross-sectional area than that of portions 320
and 330, the wire 300 will break in the portion 310 if a
sufficient degree of stress is applied or will corrode away.
Such breakage may act to interrupt the growth of the grid
at this point. According to various exemplary embodi-
ments, any suitable number of horizontal or vertical wires
may be provided in the grid as may be desired, and any
of a variety of configurations may be provided for the fuse.
[0027] As shown in FIGURE 5, a distortion may be
provided in one or more of the wires that is intended to
absorb or redirect a portion of the stress resulting from
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the growth of the grid. According to an exemplary em-
bodiment shown in FIGURE 5, a rounded feature 410
may be provided in awire 400. When the grid experiences
growth due to corrosion, the shape of the wire 400 may
be altered. The inclusion of a distortion (e.g., rounded
portion 410) may deflect some of the growth (e.g., by
providing something other than a straight line for growth).
In this manner, the growth of the grid may be interrupted
at this point. According to various exemplary embodi-
ments, any suitable number of vertical or horizontal wires
having distortions may be provided in the grid, and any
of a variety of configurations may be used for the one or
more distortions.

[0028] As shown in FIGURE 6, a portion of one of the
frame elements may include a notch or cutout. According
to an exemplary embodiment as shown in FIGURE 6,
the bottom frame element 118 may include a notch or
cutout 119 that is intended to act as a point of weakness
for the frame. When stresses are introduced which result
from growth of the grid, the stress may be concentrated
at the point of weakness such that the frame breaks at
this point. In this manner, the growth of the grid may be
interrupted, and the stresses may be redirected within
the grid. It should be noted that while notch 119 is shown
as extending inward from the outside of frame element
118, according to other exemplary embodiments, the
notch may extend from the inside of the frame element.
According to various exemplary embodiments, any suit-
able number of notches or cutouts may be provided at
various locations along the sides, top, and/or bottom of
the frame.

[0029] As shown in FIGURE 7A, one of the frame el-
ements may include an indent or depression. For exam-
ple, according to an exemplary embodiment shown in
FIGURE 7A, the top frame element 112 of the grid 100
includes an indent 113. The top frame element 112 is
effectively bent at this point. When the grid 100 grows in
the vertical direction due to corrosion, the indent 113 is
pushed upward due to accumulated stresses in the grid.
Because the top frame element 112 includes an indent,
it will take a longer period of time for the grid to extend
upwards to make contact with, for example, a strap con-
nected to grids of opposite polarity. That is, because the
top frame element at the point of the indent is not collinear
with the rest of the top frame element, growth of the grid
will first cause the grid to grow toward the rest of the top
frame element; only after this point would the grid con-
tinue to grow in the vertical direction. According to various
exemplary embodiments, any suitable number of indents
may be provided at various locations along the sides,
top, and/or bottom of the frame.

[0030] As shown in FIGURE 7B, a portion of the top
frame element may be arranged at an angle to the rest
of the top frame element. For example, as shown in FIG-
URE 7B, a portion 115 of the top frame element 112 is
slanted or angled (e.g., sloped, tapered, etc.) downward.
Similar to the indent described with respect to FIGURE
7A, the slanted configuration of the top frame element
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112 acts to extend the amount of time that the grid must
grow in order to contact a strap of opposite polarity. Such
a configuration may also act to increase tension in the
grid, which may act to counter some of the grid growth.
[0031] As shownin FIGURE 8, one or more of the cor-
ners of the grid may be provided with a rounded shape.
For example, according to an exemplary embodiment
shown in FIGURE 8, a rounded corner 117 is provided
which connects the top frame element 112 to the side
frame element 114. Such rounded shape may act to re-
direct the stress and change the direction of the grid
growth away from the vertical direction.

[0032] As shown in FIGURE 9, various wires may be
removed to form an engineered buffer zone within the
grid (similar to a "crumple zone"). In a conventional grid
(e.g., such as that shown in FIGURE 1), vertical wire
members are collinear with each other and extend, for
example, from the top frame element to the bottom frame
element. As a result, growth of one of the vertical wires
is translated to others which are collinear, resulting in an
additive growth effect that acts to force the top frame
element toward a strap of opposite polarity (as shown,
for example, in FIGURE 1). According to the exemplary
embodiment as shown in FIGURE 9, one or more of the
vertical wires are removed such that there is an interrup-
tion or discontinuity in the grid (e.g., wires 154 and 156
are separated by an open space 152). The open space
152 thus acts as a buffer zone into which the vertical
wires may grow (instead of translating their growth in a
manner which results in movement of the top frame ele-
ment of the grid). The open space 152 thus acts to "ab-
sorb" the growth in the vertical direction. Any number of
engineered buffer zones may be provided at various de-
sired points within the grid.

[0033] It should be noted that while the above-de-
scribed modifications to the grid have been discussed
individually, any one or more of such modifications may
be utilized in a single grid. For example, both a "weak
link" (as shown, e.g., in FIGURE 3) and a "distortion" (as
shown, e.g., in FIGURE 5) may be provided in a single
grid. Any other combination of modifications such as
those described above may also be utilized in order to
manage the growth of the grid.

[0034] In operation of a battery using a grid such as
that described herein, corrosion of the battery grid ma-
terial (lead or a lead alloy) will cause growth of the battery
grid. Because the grid is constrained at its bottom and
sides by the walls of the battery container, growth is di-
rected in the vertical direction toward the top of the grid.
By introducing modifications to the grid which are intend-
ed to shunt or redirect the growth of the grid, the life of
the battery may be extended. For example, by introduc-
ing weak points in the grid that are intended to break
once a threshold amount of stress is reached, growth
may be interrupted or redirected at such points to reduce
the growth of the grid in the vertical direction. Any of a
variety of modifications may be made to the grid in order
to manage the growth of the grid and extend the life of
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the battery by reducing the occurrence of shorts which
result from portions of the grid contacting features elec-
trically coupled to features in the battery having an op-
posite polarity.

[0035] Those reviewing this disclosure will appreciate
that various advantages may be obtained using the grid
designs described herein. For example, according to an
exemplary embodiment, the battery grid provides desired
performance characteristics while resists shorting due to
grid growth. The battery grid includes features which are
intended to act to retard, restrain or restrict growth of the
grid due to corrosion. According to an exemplary embod-
iment, the battery grid includes one or more modifications
that are intended to absorb or redirect stresses that may
result from growth of the grid (e.g., due to corrosion of
the grid). Itis intended that such grid designs provide the
battery grid, and hence the battery in which itis provided,
with an enhanced useful life as compared to conventional
battery grids.

[0036] Itis important to note that the construction and
arrangement of the battery grid as shown in the various
embodiments is illustrative only. Although only a few em-
bodiments of the presentinventions have been described
in detail in this disclosure, those skilled in the art who
review this disclosure will readily appreciate that many
modifications are possible (e.g., variations in sizes, di-
mensions, structures, shapes and proportions of the var-
ious elements, values of parameters, mounting arrange-
ments, use of materials, orientations, etc.) without mate-
rially departing from the novel teachings and advantages
of the subject matter recited in the claims. Accordingly,
all such modifications are intended to be included within
the scope of the present invention as defined in the ap-
pended claims. Other substitutions, modifications,
changes and omissions may be made in the design, op-
erating conditions and arrangement of the preferred and
other exemplary embodiments without departing from
the scope of the present inventions.

Further embodiments of the invention are:

1. A battery grid comprising: a frame comprising a
top element, a bottom element, a first side element,
and a second side element; a plurality of wires pro-
vided within the frame and defining a plurality of open
areas; a current collection lug extending from the top
element in a first direction; and at least one feature
provided in the battery grid that is configured to re-
duce the amount of growth of the battery grid in the
first direction due to corrosion of the battery grid dur-
ing the life of the battery grid.

2. The battery grid of Embodiment 1, wherein the at
least one feature is configured to reduce the tenden-
cy of the top element to move in the first direction.

3. The battery grid of Embodiment 1, wherein the at
least one feature comprises a wire having a weak
link thatis configured to break when a predetermined
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amount of stress is applied to the wire.

4. The battery grid of Embodiment 3, wherein the
wire comprises a first portion, a second portion, and
a third portion provided between the first portion and
the second portion such that the first portion is stag-
gered relative to the second portion.

5. The battery grid of Embodiment 3, wherein the
wire has a first portion, a second portion, and a third
portion provided between the first portion and the
second portion and having a reduced cross-section-
al area as compared to the first portion and the sec-
ond portion.

6. The battery grid of Embodiment 1, wherein the at
least one feature comprises a wire having a distor-
tion.

7. The battery grid of Embodiment 6, wherein the
distortion comprises a rounded portion configured to
redirect stress resulting from grid corrosion.

8. The battery grid of Embodiment 1, wherein the at
least one feature comprises a notch provided in at
least one of the top element, the bottom element,
the first side element, and the second side element.

9. The battery grid of Embodiment 8, wherein the
notch is provided in the bottom element.

10. The battery grid of Embodiment 1, wherein the
at least one feature comprises an indent provided in
the top element.

11. The battery grid of Embodiment 10, wherein the
indent comprises a curved portion that curves inward
toward the wires provided within the frame.

12. The battery grid of Embodiment 1, wherein the
at least one feature comprises at least a portion of
the top element of the frame that is angled from the
lug to one of the side elements such that the portion
of the top element does not meet the side element
at a right angle.

13. The battery grid of Embodiment 1, wherein the
atleastone feature comprises a buffer zone provided
within the frame.

14. The battery grid of Embodiment 13, wherein the
plurality of wires comprise a plurality of wires extend-
ing between the top element and the bottom element
and wherein the buffer zone comprises a disconti-
nuity in at least one of the plurality of wires extending
between the top element and the bottom element.

15. The battery grid of any of the preceding embod-
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iments, wherein the at least one feature further com-
prises a rounded corner of the frame between the
top element and at least one of the first side element
and the second side element that is configured to
absorb stress caused by growth of the grid.

16. The battery grid of Embodiment 1, wherein the
battery grid comprises a plurality of features provided
in the battery grid that are configured to reduce the
amount of growth of the battery grid in the first direc-
tion due to corrosion of the battery grid during the
life of the battery grid.

17. The battery grid of Embodiment 1, wherein the
battery grid is configured for use in a lead-acid bat-

tery.

Claims

A battery grid comprising:

a frame comprising a top element, a bottom el-
ement, a first side element, and a second side
element;

a plurality of wires provided within the frame and
defining a plurality of open areas;

a current collection lug extending from the top
element in a first direction; and

at least one short prevention feature provided in
the battery grid that is configured to help prevent
a short between the battery grid and a battery
component provided near the grid due to growth
of the battery grid.

The battery grid of Claim 1, wherein the short pre-
vention feature reduces the amount of growth of the
battery grid in the first direction due to corrosion of
the battery grid during the life of the battery.

The battery grid of Claim 2, wherein the short pre-
vention feature is designed such that one or more of
the wires will break after a predetermined amount of
growth in the first direction thereby limiting continued
growth in the first direction.

The battery grid of Claim 1, wherein the short pre-
vention feature is configured so as to withstand a
greater amount of growth of the battery grid in the
first direction before the short is generated.

The battery grid of Claim 4, wherein the battery grid
comprises at least one rounded corner between the
top element and at least one of the first and second
side elements that redirects forces due to growth of
the grid from the first direction toward a second di-
rection.
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6.

10.

11.

The battery grid of Claim 4, wherein the short pre-
vention feature comprises a distortion provided in
the top element.

The battery grid of Claim 6, wherein the top element
meets at least one of the first and second side ele-
ments at an angle such that at least a portion of the
top element is not perpendicular to at least one of
the first and second side elements.

The battery grid of Claim 7, wherein the angle be-
tween the top element and at least one of the first
and second side elements is greater than ninety de-
grees.

The battery grid of Claim 7, wherein the top element
comprises a first generally linear portion near the
current collection lug, a second generally linear por-
tion near at least one of the first and second side
elements and a non-linear portion between the first
and second linear portions.

The battery grid of Claim 9, wherein the non-linear
portion comprises an indent provided in the top ele-
ment.

The battery grid of Claim 10, wherein the indent com-
prises a curved portion that extends toward the wires
provided within the frame.
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